Abstract. The High Altitude Water Cherenkov Observatory is an all-sky surveying instrument sensitive to gamma rays and cosmic rays from 100GeV to 100TeV. With its 2sr instantaneous field of view and a duty cycle of > 95%, HAWC is carrying out an unbiased survey of the Northern sky and is monitoring known flaring sources and searching for transients. HAWC operation began mid-2013 with a partially-completed detector. The array was terminated in 2015. We here summarize the status of the observatory, and highlight its first scientific results, resulting from the first year of data taking after completion of the detector. In particular, we will present the HAWC map of the sky at tens of TeV.
Introduction
The High Altitude Water-Cherenkov Telescope (HAWC) is an air-shower array facility, designed to study TeV gamma rays by observing the air-shower particles, which, produced by the TeV photons in the high atmosphere, arrive in the detector. HAWC data taking started in August 2013 while still under construction. HAWC construction was terminated at the beginning of 2015. The complete detector consists of 300 Water Cherenkov detectors (WCDs) spread on a 22000 square meter area. Every WCD is a 4.5 m high tank made of steel with a diameter of 7.3m, and contains 200,000 liters of purified water. At the bottom of the tank there are three 8-inch photomultipliers (PMTs) arranged in a triangular layout, plus one high quantum-efficiency 10-inch PMT at the center of this triangle. The photomultipliers detects the Cherenkov light produced by the air shower particles in each WCD unit. HAWC is continuously recording signals from each WCD and seeking for multiple coincident signals or events. The data are reconstructed event per event, each event having between 20 and 50 channels hit. The shower direction is reconstructed by collecting and comparing the arrival times of the shower particles in the different WCDs hit by the shower. The detector is calibrated by means of a laser calibration system which delivers light pulses to all the WCD in the array using optical fibers. This laser signal guarantees the timing and charge calibration of the individual PMTs, which are crucial for an accurate reconstruction of the air shower. The shower fronts are fitted with sub-nanosecond residuals, resulting in an angular resolution as good as 0.2 degree for the highest energy events. The charge deposits on each PMT channel is used for energy estimations and for gamma/hadron discrimination through algorithms based on core location and the pattern of the energy deposition in the array a e-mail: sabrinacasanova@gmail.com -including muon identification. HAWC registers over 20,000 cosmic rays per second, generating 2 TB of data every day.
Its wide field-of-view, with an instantaneous aperture of 2sr, covers more than 15% of the sky so that the detector is exposed to two-thirds of the sky during a 24-hour period. This makes HAWC an ideal survey and monitoring observatory, complementary to the pointing instruments at TeV energies, the imaging air Cherenkov telescopes (IACTs), such as H.E.S.S., MAGIC, VERITAS, and the upcoming Cherenkov Telescope Array (CTA). While the IACTs reach their best sensitivity at about 1 TeV, the HAWC observatory is particularly sensitive to photons of energy above several TeVs. In fact, HAWC sensitivity curve to steady sources peaks at 10 TeV and furthermore is constant for extended sources up to three degrees across [1] . These two key features make HAWC an ideal instrument to discover and study Galactic gamma-ray sources produced by the interactions of the highest energy cosmic rays. In the following section we will review the HAWC map of the sky at tens of TeV obtained by the HAWC Collaboration after collecting one year of data.
Scientific results
Primary science goals of the HAWC observatory are searching for the origin of the highest energy cosmic-rays, studying transient phenomena, such gamma-ray binaries and gamma-ray bursts [2] , monitoring active Galactic Nuclei, searching for dark matter signals [3] and studying more exotic topics such as primordial black holes [4] .
A year after completion of the observatory, the HAWC Collaboration announced a new map of the sky in very high energetic (VHE) gamma rays [5] . The sky map in Fig.1 shows several astrophysical objects along the plane of our galaxy, many of which have not been observed previously. Among the extended galactic sources observed by HAWC it is worth mentioning the extended emission discovered close to two famous middle-age closeby pulsars, Geminga, and PSR B0656+14, associated with the Monogem ring (see Fig.2 ). The two HAWC sources are likely pulsar wind nebulae powered by ultrarelativistic electrons accelerated at the termination shocks, where the powerful pulsar winds encounter the interstellar medium. The HAWC discovery of extended TeV emission from the directions of both Geminga and the pulsar PSR B0656+14 offers a unique chance to investigate the VHE particle populations in our Galactic neighbourhood, shedding light on the origin of these particles and understanding the local particle transport at the highest energies, which is not constrained by any cosmic ray measurements.
Another region of great astronomical interest mapped by HAWC is the Cygnus region, the brightest region in GeV and TeV gamma-rays in the Northern sky (see Fig.2 ). The region was previously mapped at TeV energies with the Milagro instrument [6] [7] [8] and one of the two Milagro sources in Cygnus, MGRO J2019+37, was later spatially resolved by Veritas in two sources, which still lack a clear counterpart at lower energies [9] . The study of the non-thermal radiation from the Cygnus region, dominated by one of the brightest and closest star forming region in our Galaxy, Cygnus X, is crucial for understanding the origin of cosmic rays in the Galaxy and the relationship between star formation and acceleration of particles. Detailed studies of the different TeV sources observed by HAWC are currently under way.
The new non-thermal map of the universe to the highest energies also includes two famous active galactic nuclei, Markarian 501 and Markarian 421, the closest BL Lac objects known, whose lightcurves are shown in Fig.3 and Fig.4 fluxes larger than 1 or 2 Crab have been observed. Recently, HAWC, FACT and Swift-XRT reported the joint observation of a four day activity of Mrk 421, which reached 2 Crab units above 1 TeV [10] . Mrk501, whole lightcurve is presented in Fig.4 , was observed recently by HAWC while it was extremely bright, the two-day flare starting on April 6th 2016 reaching a flux 2.2 times that of the Crab [11] . This confirms that HAWC has the capability to provide timely alerts to the astronomical community.
Gamma-Ray Bursts (GRBs) have been detected up to several GeV by Fermi-LAT. However none of the TeV ground-based experiments has ever detected one yet. The main problem is that they are unpredictable, and due to the reduced duty cycle of the IACTs, it is difficult to detect them. The large duty cycle of HAWC ( > 90%), together with its large field of view makes HAWC the ideal experiment to detect GRBs at TeV energies. HAWC is expected to detect a rate as high as 1.6 GRB per year. One of the brightest GRB in the last years happened while a small fraction of the detector (HAWC30) was taking data, and only the scaler data acquisition system (DAQ) was active. The burst was not detected, and the corresponding upper limits were derived (see right panel of Fig. 5 [12] ).
The anisotropy of the arrival direction of the cosmic-rays, which was first detected by Milagro [13] , and later on confirmed by other experiments like IceCube [14] , has been also observed with HAWC [15] . The left panel of Figure 5 shows the cosmic ray sky map obtained with 113 days of HAWC-100 (HAWC detector with 100 WCD) data. It contains 5 × 10 10 cosmic-ray events with a median energy of 1.9 TeV, and a median angular resolution of 1.2 deg. The map shows the significance computed by using a 10 deg smoothing angle. There are 3 regions with an excess of cosmic-rays above 5 σ level. Region A and B were already reported by Milagro experiment, and region C was recently announced by the ARGO-YBJ collaboration [16] . The origin of the cosmic-ray anisotropy is unclear. HAWC will shed some light on its origin by measuring the spectrum, flux, and variability of the cosmic-ray anisotropy.
Conclusions and outlook
Thanks to its nonpointed observations of photons up to energies of tens of TeV, its large field of view, and its high duty cycle HAWC is the perfect instrument for surveying and monitoring the TeV gammaray sky. One year after completion of the array, the HAWC collaboration has presented the first map of the Galactic Plane at multi-TeV energies. HAWC continuously monitors the VHE sky. Recently it has detected Markarian 501 in a flaring state and promptly launched an alert to the astronomical community.
